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The ability of psoriatic fibroblasts to stimulate growth 
of epidermal cells was studied by comparing the capacity 
of murine 3T3 cells, normal fibroblasts and psoriatic 
fibroblasts to act as feeder layers for cultured normal 
human keratinocytes. 3T3 cells consistently gave shorter 
times to confluency than normal or psoriatic cells which 
were about the same. The SDS polyacrylamide gel elec-
"trophoretic pattern of the fibrous protein was identical 
irrespective of the feeder layer use. Psoriatic epidermal 
cells could be grown from single cell suspensions by 
using lO- !J M cholera toxin in the medium. The cultured 
psoriatic keratinocytes grew identically to normal cells 
and made the same fibrous protein. The psoriatic kera-
tinocytes also grew better on 3T3 cells than normal or 
psoriatic fibroblasts. 
Epidermal hyperplasia is a characteristic feature of psoriasis 
and is accompanied by proliferation of the dermal papillae [1-
4]. The cyclic nucleotide [5,6] and prostaglandin [7] pathways 
appear to playa role in the increased epidermal turnover, but 
it is not clear whether the primary defect lies in the epidermal 
cells or the tissue is responding to a circulating factor or 
stimulus from the dermis. 
Chopra and Flaxman [8] were able to obtain outgrowths of 
epidermal cells from explants of normal skin and psoriatic 
plaques and reported that the total cell cycle time was only 
slightly shorter for psoriatic cells. There have been no reports 
of the successful growth of psoriatic epidermal cells from single 
cell suspensions, but the observations of Rheinwald and Green 
[9] and Kubilus, Macdonald, and Baden [10] that lethally 
treated fibroblasts could support the growth of normal epider-
mal cells suggested that this might be possible. 
This report describes the capacity of psoriatic fibroblasts to 
support the growth of normal keratinocytes in culture and the 
growth of psoriatic epidermis on various fibroblast feeders. 
Biochemical evidence of epidermal differentiation in cultmed 
cells is also documented. 
MATERIALS 
After obtaining informed consent 4-mm punch biopsies were ob-
tained from psoriatic plaques on buttock skin with xylocaine anesthesia. 
Specimens of normal skin were obtained from sW'gical specimens that 
otherwise would have been discarded. All the specimens were obtained 
from healthy individuals in the 20- to 30-yr age group. The specimens 
were rinsed in phosphate buffered saline (PBS) and then soaked in 500 
units/rn1 of penicillin and 500 mcg/ml of streptomycin for 10 min at 
37°C. The antibiotics were removed by an additional rinse in PBS and 
the specimens incubated at 4°C in 0.25% trypsin overnight. In the 
morning a top layer could be lifted off which consisted prinlarily of 
. whole epidermis when using normal skin. The trypsin split epidermis 
was placed in Dulbecco's medium containing 50 Ilg/ mJ of gentamycin, 
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0.4 Ilg/rn1 hydrocortisone, and 20% fetal calf serum and agitated with a 
pipette for 5 min. The resulting cell suspension was counted with a 
coulter counter and used for culture. 
Overnight trypsinization of psoriatic skin samples also produced 2 
layers and both were incubated in fresh 0.25% trypsin at 37°C for 1 hr. 
After centrifugation at 1000 g for 5 min, the trypsin was removed, and 
the samples were agitated in medium to obtain the cell suspension as 
described above. Resulting cell suspensions were counted and used for 
culture. 
Primru'y cultW'es of epidermal cells were obtained by plating the cell 
suspensions on mitomycin killed murine 3T3 cells as described previ-
ously [10). Fibroblasts to be used as feeder layers were obtained by 
scratching pieces of tissue from the upper surface of the dermis into 
culture plates and gl"owing them in Dulbecco's medium with 50 Ilg/ ml 
of gentamycin and 10% fetal calf serum. 
In order to produce a permanent record of the cultures, the plates 
were fixed in 10% formalin, rinsed with water and stained with Giemsa. 
Fibrous proteins were isolated by grinding the cells in 0.25 M sucrose 
in a VirTis homogenizer for 4 min at 4°C and centrifuging the suspen-
sion at 34,000 g for 20 min. The pellet was homogenized in a conical 
glass homogenizer in 0.1 M sodium citrate buffer, pH 2.65, and the 
mixtW'e stirred at 4°C for 1 hl'. The sample was centrifuged at 35,000 
g for 20 min and the acid soluble protein (prekeratin) purified by 
precipitation at pH 7.0. The pellet was then extracted with 0.1 M Tris, 
pH 9.0, containing 8 M mea and 0.1 M mercaptoethanol (TUM) for 24 
hI' at room temperatme under nitrogen and the suspension centrifuged 
at 34,000 g for 20 min. 
SDS polyacrylamide electrophoresis (PAGE) was done using the 
concentrating gel system described by Neville [11]. 
RESULTS 
The capacity of fibroblasts to support the growth of second-
ary cultmes of normal epidermal cells was examined by plating 
140,000 mitomycin treated cells in 35-mm Petri dishes and then 
plating 50,000 epidermal cells over them 1 hr later. 3T3 cells 
consistently functioned as a better feeder than either normal or 
psoriatic-derived fibroblasts with earlier colony formation and 
shorter times to confluency. A typical experiment is shown in 
Fig 1. Normal and psoriatic fibroblasts between 4 and 26 gen-
erations gave similar results, but with both a marked reduction 
in ability to support epidermal cell growth was evident after 
about 30 generations. 
The SDS PAGE pattern of the citrate buffer soluble proteins 
were identical irrespective of the feeder layer used (Fig 2) . 
Insoluble cornified cell envelopes were present in the cultures 
with human fibroblast feeder layers as previously described 
with 3T3 feeder layers [12). 
Attempts to cultme. the epidermis of psoriatic plaques from 
single cell suspensions prepared by overnight treatment of the 
tissue with trypsin were unsuccessful. Cell growth, however, 
was initiated from clumps of epidermal cells w~ch were present 
in some dishes with the growth and appearance of subsequent 
colonies similar to that of normal epidermal cells. The SDS 
P AGE pattern of citrate soluble fibrous protein was the same 
for normal and psoriatic epidermis and identical to those shown 
in Fig 2. 
Inclusion of 10- 9 M cholera toxin in the cultme medium [13] 
permitted the successful growth of psoriatic cells from single 
cell suspensions. Cholera toxin reduced the time to confluency 
of normal cells from 14 to 10 days and psoriatic derived epider-
mal cells showed the same morphology and growth rate as 
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FIG 1. Stained 14-day culture dishes comparing the feeder layer 
ability of murine 3T3 celis, psoriatic fibroblasts (P1-P4) and normal 
fibroblasts (NFl. NF is 26.4 generations, PI 25.5 generations, P2 10.8 
generations, P3 7.5 generations and P4 12.9 generations. 
A B 
FIG 2. SDS PAGE pattern of citrate soluble fibrous proteins of 
normal second passage keratinocytes grown on 3T3 (A) and psoriatic 
fibroblasts (B) . 
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these cells. Secondary and tertiary cultures of psoriatic epider-
mal cells could be consistently established but additional pas-
sages were not attempted. The SDS PAGE pattern of the 
citrate soluble fibrous proteins of normal and psoriatic cells 
were identical and cells shed from the surface of the colonies 
cornified normally showing only TUM soluble fibrous proteins 
(Fig 3). Insoluble cornified envelopes were identified after ex-
traction of shed psoriatic keratinocytes. 
The capacity of the different fibroblasts to support the growth 
of psoriatic epidermal cells was studied using first passage 
epidermal cells in the presence of 10- 9 M cholera toxin. As was 
found for normal epidermis, 3T3 cells gave shorter times to 
confluency than both psoriatic and normal fibroblasts which 
gave about the same results (Table) . The morphology of the 
colonies was the same for all 3 types of cultures as was the SDS 
PAGE pattern of the fibrous protein. 
DISCUSSION 
The Rheinwald and Green [9] technique for culturing epi-
dermal cells not only permits the growth of a large number of 
cells, but allows the demonstration of stimulatory effects as 
shown for EGF, hydrocortisone and cholera toxin [13]. There-
fore it is possible that if psoriatic fibroblasts elaborated a 
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FIG 3. SDS PAGE pattern of citrate (A, B) and TUM (C, D) soluble 
fibrous proteins of normal (A, C) and psoriatic (B, D) keratinocytes. 
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1.5 x 10" 
.6 X lOG 
.7 X 10" 
.5 X 10" 
.7 X lOG 
" After fibroblasts were removed with 0.02% EDT A the cultw-es were 
trypsinized to obtain cell suspensions which were counted in a coulter 
counter. HFI and HF2 are normal fibroblast and PI and P2 psoriatic 
fibroblast feeders. The cultures contained 10- 9 M cholera toxin. 
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stimulatory factor for epidermal cell growth it could be detected 
in this system. Failure to find stimulation of both normal and 
psoriatic keratinocytes by these fibroblasts suggests that at 
least in our cultw'e system they do not playa role in epidermal 
hyperplasia. Furthermore, they do not affect the appearance of 
t he cells, the type of fibrous polyp eptide made or the format ion 
of cornified envelopes. However , it is possible that an in vivo 
effect can not be detected in culture. 
The explanation for the failure of single cell suspensions of 
psoriatic epidermal cells to grow in culture in the absence of 
cholera toxin is not clear, but may be related to a need for 
elevation of intracellular cyclic AMP which facilitates e pider-
mal cell growth [13,14]. It is of interest that in the presence of 
cholera toxin 3T3 cells acted as a better feeder layer than 
normal or psoriatic fibroblasts both for psoriatic and normal 
epidermal cells. These results suggest that psoriatic cells are 
not responding abnormally to elevation of cyclic AMP. 
The apparent similarity of normal and psoriatic cells in 
culture both in terms of growth and fibrous polypeptides syn-
thesized may indicate that the primary defect resides elsewhere. 
Alternatively the culture condi t ions may not permit expression 
of defects present in psoriatic skin. The ease .of growth of large 
numbers of cells will make it possible to test these hypotheses 
by looking for culture conditions that modify the behavior of 
cells and determining if psoriatic cells grow diffe rently than 
normal cells . If this can be done, t his culture method may make 
pharmacologic studies of therapeutic agents for psoriasis more 
easy to carry out. 
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